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How Plankton Swim: An Interdisciplinary Approach for  
Using Mathematics & Physics To Understand the Biology of the Natural World
Table 1. Overview of Lessons
L E S S O N  P U R P O S E
1. Plankton Lab Students gain familiarity with plankton through detailed firsthand  
 observations. Students are introduced to plankton ecology and the  
 importance of plankton in a global context.
2. Plankton Online Students develop intuition about physical factors that influence planktonic 
 movement, and hypothesize about how/why plankton move.
3. Viscosity and the Students are introduced to the concepts of viscosity and the Reynolds  
Reynolds Number Number (Re). Students build intuition about movement in viscous  
 environments. 
4. Forces and Marine Life Students explore how surface area and volume scale with organism size,  
 and what this means in terms of the relative importance of inertial and  
 viscous forces.
5. Practice Calculating Students practice calculating the Re of organisms to determine which  
Reynolds Numbers forces dominate the movements of each.
6. Low Reynolds Number Students summarize, in their own words, their understanding of the 
Conclusion material covered. 
7. Model Feeding Students apply the concepts they have learned and the 
Appendage  intuition gained to build a feeding appendage that will work well in a  
 low Re environment.
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Re = (Speed of organism) (Length of organism) (Density of fluid)
(Fluid viscosity)
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Figure 1. Photographs of plankton. Top row is zooplankton (from left to right), a copepod (Acartia) (photo courtesy of R. Hopcroft), a copepod 
(Euchaeta) (photo courtesy of J. Yen), and a larval sand dollar (Dendraster) (photo courtesy of T. Clay). Bottom row is phytoplankton (from left to right), 
Thalassiosira sp Chaetoceros sp, Ceratium fusus (photos courtesy of K. Holtermann). Note: Images are not to scale.
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Inertia  >>> 1 = High Reynolds Number: Inertial forces are dominant
Viscosity
Inertia  <<< 1 = Low Reynolds Number: Viscous forces are dominant
Viscosity 
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Sample Organism
Radius of 
sphere 
(m)
Volume 
(m3)
Surface 
Area
(m2)
(Volume)/
(Surface Area)
(m)
Diatom 0.0001
Larval Sand Dollar 0.001
Copepod 0.01
?????????? 0.1
?????????
??? ???????????????????? ????????????????????????????????????
???????????????
??? ??? ??????? ????? ????????? ?????????? ????? ???? ?????? ???
?????????????????????????????????????????????? ???
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Inertia  >>> 1 = High Reynolds Number: Inertial force is dominant
Viscosity
Inertia  <<< 1 = Low Reynolds Number: Viscous force is dominant
Viscosity  
??????????????????
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Organism Speed(cm/s)
Diameter
(cm)
Density of Fluid 
(sea water)
(g/cm3)
Fluid 
Viscosity
(sea water)
(g/cm s)
Reynolds
 number
Forces domi-
nating move-
ment (inertial 
or viscous?)
Copepod 0.002 1 0.012
Orca Whale 15.4 1 0.012
Diatom 0.0000058 1 0.012
Pacific Sardine 1.6 1 0.012
Sea Nettle 0.05 1 0.012
Black Sea Turtle 9.83 1 0.012
Sun Fish 0.454 1 0.012
White Shark 0.67 1 0.012
Copepod 
Appendage 0.001 1 0.012
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a) Cubes of different sizes.
b) Formulas for volume, surface area, and the ratio
(volume)/(surface area) of a sphere.
c) Graphs of how sphere surface area and volume change with
radius.
Student Observations
“Slope of the volume is steeper than that of the surface area.”
“Volume will increase faster because it is cubed.”
“Volume increases faster with size than surface area.”
Student Questions
“Does SA always equal 1/3 of the radius?”
“What will the SA be when the radius is less than 0.01?”
“What is the step by step process in solving the equations?”
d) Student observations of and questions about surface area and
volume.
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Figure 4. ????????????????????????????????????????????????????????????????????????????????????????? ???????????????????????????????????????????????-
tions (d) students developed after working with these tools.
Figure 2. A student experiencing viscosity by trying to move lentils 
around in container full of corn syrup in the “Viscosity and the Reynolds 
Number” activity.
Figure 3. A student using a 
feeding appendage that he/she 
designed and built, to move a bead 
(“food”) into a test tube (“mouth”) 
in a viscous environment (corn-
syrup) as part of the “Model Feeding 
Appendage” activity. Several other 
appendages built by students are 
visible in the foreground.
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Understanding Marine Organisms Pre- and Post-test   NAME_____________________ 
1. What is the difference between phytoplankton and zooplankton? 
2. What is diffusion? 
3. Why might scientists need to use math? 
4. Give an example when you used math in a science class. 
5. What is chlorophyll?  What organisms do you associate with this word?   
6. List one marine issue you have heard in the news this past year. 
7. Determine the surface area of a sphere that has a radius of 0.1m, surface area = 4 ?r2?
8. Where in the ocean do sea-stars live?  Why do they live there? 
9. Circle the larger number:  8 X 10-13    or   3.8 X 10-3
10. Give an example or define the following: 
a. turbulence
b. viscosity 
c. inertia
d. surface area 
e. volume
Figure 5. Pre- and post-test questions. Questions 1, 5, 6, and 8 address knowledge about marine biology and 
plankton. Questions 3 and 4 address student awareness of the use of mathematics in biology and other environ-
mental sciences. Questions 2, 10a, 10b, and 10c address student understanding of physics terminology. Questions 
7, 9, 10d, and 10e address basic mathematics operations.
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Figure 6. Average difference between pre- and post-test scores for the biology students 
(grey) and the marine biology students (white). Black asterisk indicates significant differences 
between pre- and post-tests for the marine biology students at the p < 0.05 level. 
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